The onion (Allium cepa) is a vegetable used extensively all over the world both for culinary purposes as well as in medicine. Its medicinal values are due to the high levels of biologically-active compounds present within the bulb. There are various phytochemicals of therapeutic importance found in A. cepa. Quercetin, a flavonoid, is one of these phytochemicals and it is a potent antioxidant. Allium cepa is a dietary supplement and is beneficial for diverse ailments, thus justifying its status as a valuable medicinal plant. Due to its medicinal significance, elicitation of total antioxidants and quercetin levels have been attempted to enhance their production in tissue callus cultures. This study reports in vitro enhancement of total antioxidants and quercetin in A. cepa using methyl jasmonate as an elicitor. A reverse phase-high performance liquid chromatography (RP-HPLC) method was used with an isocratic system and a flow rate of 1.0 mL min −1 and a mobile phase of acetonitrile: 1% v/v acetic acid (60%:40% v/v). The detection wavelength was 362 nm and the retention time 8.79 minutes. Total antioxidant and quercetin contents were maximal with 100 µM of methyl jasmonate in leaf tissue callus cultures at 84.61 ±6.03% and 0.81 ±0.03 mg g −1 dry cell weight, respectively. They decreased with further increases of methyl jasmonate at 200 µM. The increase in total antioxidant and quercetin contents were 2.3-and 13.9-fold, respectively. The optimization of methyl jasmonate as an elicitor, as well as the determination of a suitable concentration in A. cepa in callus cultures, will be helpful for enhanced production of various other secondary metabolites of therapeutic significance. This could be beneficial for the pharmaceutical and neutraceutical industries for herbal drug formulations.
Introduction
Allium cepa L. (onion) is one of the most consumed vegetables used both for culinary purposes and as a herbal medicine. It is cultivated throughout the world. Several investigations have reported that A. cepa provides an extensive range of beneficial therapeutic properties for human health, viz. antioxidant [1, 2] , antimutagenic [3] , and anticholesterolaemic capacities [4] . Phytochemical screening of A. cepa has shown that it is a rich source of nutritive phytochemicals such as flavonoids, fructans, and organosulfur compounds, which are diverse but highly valuable phytochemicals. Although the major constituents of interest in A. cepa are sulfur compounds and flavonoids, numerous additional components of intact A. cepa, e.g., lectins (most abundant), adenosine, prostaglandins, vitamins B1, B2, B6, C, and E, biotin, nicotinic acid, fructan, pectin, fatty acids, phospholipids, glycolipids, and many essential amino acids, have also all been extensively investigated over several decades for various therapeutic properties [5] [6] [7] . Due to its several important, pharmaceutically significant phytochemicals, A. cepa is used for the treatment of numerous diseases and disorders [8] . In ayurvedic formulations, it is used extensively in healing of wounds, cardiovascular disorders, hyperglycemia, and for stomach tumors [9] . It is also claimed to relieve headaches, erectile dysfunction, snakebites, hair damage, and coughs [10] . Allium cepa extract gels are used extensively in antiblemishing effects and are also used in the deterrence of presternal hypertrophic scar fortification [9] . It has been reported that regular consumption of Allium vegetables can reduce the risk of gastric disorders and prostate cancer [11, 12] . The effect of A. cepa on the growth of gram-positive and gram-negative bacteria and several fungi has confirmed its antimicrobial activity [13] . It possesses several phenolics and flavonoid phytochemicals which are reported to hold potential anticholesterol, antiinflammatory, anticancer, toxigenicity of oils, and antioxidant properties [14] . By inhibiting fatty acid synthase, A. cepa has revealed inhibitory effects on the propagation of cancerous cells and lipocytes [12] . During hot and humid summers, A. cepa checks fast dehydration of the body due to extreme heat [15] . Its daily consumption can restore zinc deficiency in the body. Zinc is a vital cofactor for more than 300 metalloenzymes, which are involved in the metabolism of macro-and micronutrients at the cellular level [16, 17] .
The antioxidant properties of A. cepa are well known. The free radical scavenging property of ROS/RNS (reactive oxygen species / reactive nitrogen species) in A. cepa makes this vegetable an excellent dietary supplement in daily use [14] . The antioxidant property is due to various phytochemicals present in it, one of which is quercetin. Quercetin (3,3',4',5,7-pentahydroxyflavone) , which belongs to the category of flavonols that cannot be produced in the human body, is abundantly produced by many plants and notably by A. cepa [18] . Quercetin is a type of plant-derived aglycone that has been used as a dietary supplement and is valuable for protection against various diseases. Some of its beneficial properties include anticancerous, cardiovascular fortification, antiviral, antitumor, anti-inflammatory activity, antiulcer, antiallergy, antihypertensive, antidiabetic, antigastroprotective, and immunomodulatory [18, 19] .
At present, 25% of all the recommended therapeutic formulations that are in use in industrially developed countries comprise compounds that are semisynthetic, directly or indirectly derived from plants [20] . These hold a massive market value in western countries, as most prescribed drugs contain phytochemicals that are valued at more than US$30 billion in the USA alone [21] . Many plants that contain valuable compounds of therapeutic importance are difficult to cultivate, or because of overharvesting, they are in danger of extinction [22] . Moreover, plant-derived phytochemicals that are chemically synthesized are not often economically achievable due to their extremely complex structures or the particular stereo-chemical necessities of the complex compounds [20] . Thus, the biotechnological production of economically valuable and therapeutically important secondary metabolites by plant cell, tissue, or organ culture techniques is an unconventional method for their extraction [20] . Plant cell, tissue, or organ cultures have had only restricted commercial success. This is due to the unexplained experiential nature of choosing high-yielding varieties, established culture techniques and a limited understanding of the metabolic pathways of secondary metabolite syntheses and their regulation [23, 24] . A number of biotechnological methodologies have been postulated and investigated for enriched production of secondary metabolites from potentially significant plants [25] . Techniques available involve screening out a highyielding cell line, precursor feeding, media alteration, large-scale refinement in the bioreactor system, elicitation, hairy-root culture, immobilization of plant cells, and biotransformation [26] [27] [28] [29] . Cell or tissue culture systems from several plants have been demonstrated but even so, they are often incapable of producing adequate quantities of the essential secondary metabolites [25, 30] . Nevertheless, in several instances the manufacture of secondary phytochemicals could be improved further by the application of undifferentiated cell treatment / callus cultures with elicitors such as salicylic acid, chitosan, methyl jasmonate, or by the use heavy metals [31] [32] [33] . The use of elicitors could therefore enhance the level of secondary metabolites which are useful for therapeutic purposes. These secondary metabolites often play an important role in defense systems of different organisms. Humans use secondary metabolites as medicines, flavorings, and recreational drugs. In vitro production of such secondary metabolites in plant cells through callus cultures has been reported for various medicinal plants, and bioreactors are the key step for their commercial production. The present investigation was therefore designed to enhance the level of antioxidants in the form of flavonoid (quercetin) and others present in A. cepa with consideration to the previous findings described above. This could overproduce antioxidants present in the plant useful for various therapeutic applications and nutritional value. Hence, in the present investigation, a high-yielding cultivar of A. cepa, ' Agrifound light red' cultivar, was used as it is grown extensively in India. However, only limited information is presently available about its nutritional value. The investigation is based on the elicitation of total antioxidants and a flavonoid (quercetin) by methyl jasmonate in order to hyper-produce the secondary metabolite in callus culture of leaf tissue, the basal plate and roots of the plant. Enhanced production of quercetin in A. cepa could be useful in the neutraceutical, pharmaceutical, and agricultural industries.
Material and methods

Explant preparation
Bulbs of the ' Agrifound light red' cultivar of A. cepa were kept in moist conditions for the regeneration of leaves and roots ( Fig. 1 ). After sprouting, the leaves, basal plate and roots were used in the study. These plant parts were washed with soap solution for 1 minute and rinsed several times with running tap water. They were then treated with 0.1% HgCl 2 for 30 seconds under laminar air flow and rinsed several times with sterile water. Next, they were treated with 70% ethanol for 30 seconds and again rinsed five times with sterile water. All the explant preparations were performed according to the protocol of Bandekar and Lele [34] , with some modifications. Murashige and Skoog [35] basal medium (MS) with 30 g L −1 sucrose was used in this study.
The sterile plant parts were each trimmed to 2 cm under laminar air flow and transferred for callus formation on to agar-solidified MS medium supplemented with 2,4-D (1 mg L −1 ) (see Fig. 3 ). The calli obtained after 4 weeks were transferred to MS medium supplemented with methyl jasmonate at different concentrations in triplicate (viz. 0 µM 10 µM, 20 µM, 50 µM, 100 µM, and 200 µM) and maintained for further use. The culture bottles were kept at a light intensity of 150 lux, provided by cool fluorescent lamps with a photoperiod 16/8-hour day/ night and maintained at 25 ±2°C until healthy calli were formed.
Extraction and analysis
Twenty g of each of the callus cultures obtained from the plant parts (leaves, basal plate, roots) were taken for drying overnight at 50°C for the extraction of quercetin. The dry samples were extracted in methanol (100 mL) for 2 hours using a Soxhlet apparatus (Borosil). The extract so obtained was reduced to a dried residue using a rotary evaporator (IKA RV 10 DS96). Hydrolysis of the dried extract obtained (1.2 g) was performed by refluxing with 7% H 2 SO 4 (100 mL) for 30 min. The reaction mixture was then filtered and the filtrate obtained extracted into two portions of ethyl acetate (each 25 mL) using a separating funnel. The residue so obtained was prepared for further analysis (1 mg mL −1 stock in methanol).
Antioxidant activity assayed by the DPPH method
Antioxidant activity was assessed using DPPH (2,2-diphenyl-1-picrylhydrazyl) for a free radical scavenging assay. The Brand-Williams et al. [36] protocol was followed with minor modifications. The reaction mixture consisted of 3.0 mL absolute ethanol, 0.3 mL DPPH (0.5 mM in ethanol), and 0.5 mL sample. The reaction mixture was kept at room temperature for 60 minutes to complete the reaction. The change in color was measured at 517 nm using spectrophotometer (Shimadzu UV-1800). A blank was prepared by mixing 3.3 mL of ethanol and 0.5 mL of sample. For control solutions, ethanol (3.5 mL) and DPPH (0.3 mL) were used. The antioxidant activity was calculated according to the formula of Mensor et al. [37] : AA (%) = 100 − {[(Abs sample − Abs blank ) × 100] / Abs control }.
Spectral scanning
Spectral scanning of quercetin for maximum absorbance was performed by spectrophotometry (Shimadzu UV-1800). The Duan [38] protocol was used with minor modifications where ethanol was used as a solvent.
RP-HPLC analysis
The study was conducted using an isocratic system of reverse phase-high performance liquid chromatography (UFLC Shimadzu), UV-Vis detector (SPD-20A), and pump (LC-20AD). A C-18 column (250 × 4.6 mm; 5 μm particle diameter) (Shiseido) was used for the analysis. Lab Solution Lite software (Shimadzu) was used for data acquisition. An authentic standard of quercetin dihydrate extra pure grade (Sisco Research Laboratories Pvt. Ltd.) and HPLC-grade acetonitrile, methanol, water (MERCK), and acetic acid each were used for the analysis.
The RP-HPLC tests were executed for quercetin by following the protocol of Lee et al. [39] , with some alterations. Quercetin was estimated by an isocratic system with a flow rate of 1.0 mL min −1 and mobile phase acetonitrile: 1% v/v acetic acid (60%:40% v/v); detection was at 362 nm and the retention time 8.79 minutes. The mobile phase was filtered (0.22 μm syringe filter) and degassed using a bath sonicator. Standard stock solutions of quercetin (1 mg mL −1 ) were prepared using the mobile phase for the preparation of the calibration curve with a concentration range from 0.005-0.2 mg mL −1 . Each quercetin standard and unknown sample were run in triplicate. To draw the calibration graph, peak area was plotted alongside the corresponding concentrations and a linear relationship was obtained.
Statistical analysis
All data are expressed as means ± standard deviation. Two-way ANOVA was performed on the data for the different plant parts and concentrations of methyl jasmonate used in the callus cultures. Linear regression analyses were also performed for total antioxidant activity and quercetin content in the callus cultures using the tests available in Microsoft Excel software.
Results
A total assay of antioxidant activity using DPPH was attempted. The results showed a good effect of methyl jasmonate in elevating the level of total antioxidant in the callus cultures of A. cepa. The maximum antioxidant level was in calli of leaf tissues with 84.61 ±6.03% at 100 µM of methyl jasmonate used, whereas the minimum was observed in calli of roots with 36.51 ±3.78% at 200 µM of methyl jasmonate. A linear elevation of total antioxidant was observed from control calli up to 100 µM of added methyl jasmonate, but further increases reduced the total antioxidant activity (Fig. 2) . This may be due to inhibitory effects of methyl jasmonate that reduced the formation of secondary metabolites at higher concentrations. The increase in total antioxidant activity was by almost 2.31-fold in calli treated with methyl jasmonate at the 100 μM of concentration.
During further investigation, elicitation of flavanol (quercetin) was attempted in A. cepa through in vitro tissue culture (Fig. 3 ). The estimation of quercetin was by RP-HPLC and was confirmed by spectral scanning (Shimadzu UV-1800). The result is shown in Fig. 4 . The maximum absorbance for quercetin was observed at 362 nm.
As the solubility of quercetin is good in methanol, it was used as a solvent [18] . Before quantitative analysis of quercetin in extracts of A. cepa, a linear calibration curve of quercetin from standards was prepared by RP-HPLC. The concentration ranged from 0.005 to 0.2 mg mL −1 . The mean coefficient of determination (R 2 ) for quercetin was 0.995, whereas the % RSD (relative standard deviation) was 21.74% (Fig. 5) . Linearity, selectivity, accuracy, precision, and robustness of data were appropriately taken into consideration for the justification and reproducibility of the procedure.
When RP-HPLC analysis of fresh plant parts and callus extract was performed, it was found that leaf tissue has maximum concentration of quercetin (0.09 ±0.01 mg g −1 dry cell weight), whereas the minimum was observed in root cultures (0.06 ±0.01 mg g −1 dry cell weight). When elicitor treatment with methyl jasmonate was given to the calli, the quercetin content increased linearly with the increase in methyl jasmonate concentration, but there was a decrease observed at higher concentration. The quercetin content was found to be maximal in calli of leaf tissue with 0.81 ±0.03 mg g −1 dry cell weight at a concentration of methyl jasmonate of 100 µM. The minimum was found in calli of roots with 0.31 ±0.04 mg g −1 dry cell weight in the control treatment (0 µM methyl jasmonate). The detailed results are given in Fig. 6 . In order to elucidate the effect of methyl jasmonate as an elicitor, regression analyses were performed with the assumption that there was a concentration-dependent effect of methyl jasmonate on total antioxidant activity and quercetin content. A strong positive effect was observed with R 2 values of 0.52, 0.7, 1, and 0.91 for root, leaf, and basal plate of A. cepa, respectively (Fig. 7) . Further increasing the concentration of methyl jasmonate reduced the formation of quercetin and total antioxidant activity at a concentration of 200 µM of methyl jasmonate. It was also noted that the total antioxidant level was raised up by 2.31-fold, whilst flavonoid (quercetin) production reached a 13.94-fold increase at a concentration of 100 µM of methyl jasmonate.
Discussion
In the present study, an elicitation technique was applied to enhance the level of antioxidants in A. cepa. Several studies have been made on various plants by other workers in order to elicit antioxidants using methyl jasmonate as an elicitor. In the our study treatment with methyl jasmonate enhanced the level of antioxidants in A. cepa. The strong positive effect clearly indicates the role of methyl jasmonate in the elicitation of quercetin with an increase in total antioxidant activity in a concentration-dependent manner. The inferences of our results are in good agreement with those of Ghasemnezhad and Javaherdashti [40] where treatment with methyl jasmonate elevated the antioxidant level in raspberry fruit. In a study by Kim et al. [41] , these authors also reported the effect of methyl jasmonate on Lactuca sativa L. in enhancing the levels of phenolics, carotenoids and antioxidants in this important horticultural crop. The enhancement of antioxidants by methyl jasmonate led us to investigate the effect further by studying the quercetin content in the callus cultures. Prior to our RP-HPLC investigation, spectrophotometric scanning was attempted in order to confirm the maximum absorbance wavelength for quercetin (λ max -362 nm). The results obtained were in good accordance with the report of Sharma and Janmeda [42] , where the scanning of flavonoid and phytochemical has been compared with standard quercetin in leaf extracts of Euphorbia neriifolia. The RP-HPLC analysis was also in agreement with the report of Jing et al. [43] where different concentrations of methyl jasmonate were used to elicit flavonoids. It was observed that a concentration of 100 µM methyl jasmonate was most effective for elicitation of antioxidants for A. cepa in callus cultures. Furthermore, it was found that the content of flavonoid was maximal (52.8 mg g −1 dry weight) at 100 μM, which was greater than previously reported values for root cultures (42.7 and 48.6 mg g −1 dry weight) [44, 45] . The undesirable consequence of methyl jasmonate at the upper concentration used (200 μM) on cell growth and various metabolite formation has also been reported in cell suspension cultures of Gymnema sylvestre R. Br. [46] . In our study, it was noted that the increase in quercetin content was almost 13.9-fold in callus cultures treated with methyl jasmonate at 100 μM compared to that in the mother plant. This result is in good agreement with a previous study of Bandekar and Lele [34] where the quercetin content was estimated in the fig, Ficus benghalensis L. in the mother plant and in callus culture. Their results showed elevated levels of quercetin in callus cultures with 20-fold more in the callus than in mother plant. Many other investigations on plant cell cultures have confirmed methyl jasmonate as an elicitor which can stimulate the production of secondary metabolites. Methyl jasmonate has been acknowledged as an operational elicitor which can increase the production of paclitaxel in Taxus cuspidata Siebold & Zucc. and T. canadensis Marshall [47] , anthocyanin in Tulipa gesneriana L. [48] , and gymnemic acid in Gymnema sylvestre [46] . An appropriate elicitor at a suitable concentration is a vital factor for the improved growth of cells and metabolite yield in the process of plant cell culture [49] . The beneficial effect of methyl jasmonate could be attributed to its structure, where the two chiral carbon atoms in the molecule which possess either the R or S configuration yields four potential isomers. Methyl (+)-epijasmonate, (3R, 7S)-(+)-methyl 3-oxo-2-[2-(Z)-pentenyl] cyclopentane-1-acetate are the distinctive two isomers that demonstrate the prominence of the shape of the molecule by attaching to the receptors and initiating the effects [50] . Thus, due to differential interactions between phytochemical moieties of A. cepa and methyl jasmonate used as an elicitor at high concentration, it might be toxic to callus cells leading to their death. This could be a reason for the deprived level of antioxidants in callus cultures at higher concentrations of methyl jasmonate used as an elicitor in this study.
As a result of our study, it can now be suggested that the production of secondary metabolites using methyl jasmonate as an elicitor at a particular dose in A. cepa can beneficially enhance the level of secondary metabolites (2-3-fold increase), which could be useful for the neutraceutical and pharmaceutical industries.
Conclusions
Plant tissue culture is an effective alternative technique for the production of various valuable metabolites of therapeutic importance. In the present investigation, tissue cultures of A. cepa were made in order to enhance the production of total antioxidants and flavonoids using methyl jasmonate as an elicitor. It was observed that the total antioxidant level was raised by a factor of 2.31-fold, with the maximum in calli of leaf tissue with 84.61 ±6.03%, whilst flavonoid (quercetin) was elevated with an 13.94-fold increase, again maximal in callus of leaf tissues with 0.81 ±0.03 mg g −1 dry cell weight at a concentration of 100 µM of methyl jasmonate. It was concluded that methyl jasmonate can be used as an elicitor to enhance the level of antioxidants. Its biosynthetic pathway should be elucidated and it is recommended for future research in order to use it in more efficiently as an elicitor. Notwithstanding, the outcomes of the present investigation will be advantageous for the production of antioxidants from A. cepa and will be helpful for the manufacture of beneficial phytocompounds from plant tissue cultures, which could be particularly useful for the neutraceutical and pharmaceutical industries.
